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(57) ABSTRACT 

A method for operating a mobile station that includes the 
steps of, prior to transmitting a burst in a last frame before 
entering a discontinuous transmission (DTX) mode, gener- 
ating a message word that indicates that the mobile station 
is about to enter the DTX mode; using a predetermined 
generator polynomial to produce an error detection word 
from the message word; and combining the message word 
and the error detection word into a DTX Trailer word. The 
method further includes the steps of convolutionally encod- 
ing the DTX Trailer word; interleaving the DTX Trailer 
word with unused bits of a slot containing a speech or a 
signalhng word; and transmitting the interleaved DTX 
Trailer word to a base station. Id a presently preferred 
embodiment the message word has a length of eight bits, the 
error detection word is an eight bit CRC that is appended to 
the message word to form the DTX Trailer word, and the 
DTX Trailer word is error protected using a rate Vs convo- 
lutional encoder. The mobile station may periodically com- 
bine a Comfort Noise Parameter message with a MAHO- 
related Channel Quality Measurement message and transmit 
the combined messages to the base station while in the 
DTX__Low state. 

41 Claims, 5 Drawing Sheets 
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METHOD AND APPARATOS FOR 
TRANSNariTNG DTX_XOW STATE 
INFORMATION FROM MOBILE STATION 
TO BASE STATION 

CLAIM OF PRIORITY FROM A COPENDING 
PROVISIONAL PATENT APPLICATION 

Priority is herewith claimed under 35 U.S.C, §11 9(e) from 
copending Provisional Patent Application No. 60A)51,716, 
filed Jul. 3, 1997, entitled "Method and Apparatus for 
Transmitting DTX low state Information From Mobile Sta- 
tion to Base Station", by Seppo Alanara. The disclosure of 
this Provisional Patent Application is incorporated by ref- 
erence herein in its entirety. 

FIELD OF THE INVENTION 

This invention relates generally to radiotelephones and, in 
particular, to radiotelephones or mobile stations such as 
those capable of operation with a cellular network. 

BACKGROUND OF THE INVENTION 

FIGS, 3A-3C depict the frame, normal reverse link slot 
format, and abbreviated reverse link slot format, 
respectively, for an exemplary prior art digital Time Division 
Multiple Access (TDMA) cellular air interface known in the 
art as IS-136 (see, for example, Section 4.4 of IS- 136.1, Rev. 
A, Mar. 21, 1996 and IS-136.2, Rev. A, Feb. 12, 1996). The 
reverse link is considered to be in the direction from a 
mobile station (MS) to a base station (BS), whidi forms a 
part of a Base Station/Mobile Switching Center/ 
Interworking function (BMI). 

FIG. 3A shows that a 40 millisecond frame consists of six 
time slots. Slots 1-3 and 4-6 each comprise one TDMA 
Block. In the reverse direction from the mobile station to the 
base station, which is a case of most interest to this; 
invention, the frames may be continuously transmitted. A 
given mobile station is assigned to transmit in one slot per 
frame for a half data rate case, and is assigned to transmit in 
two time slots for a full data rate case. 

FIG. IB illustrates one time slot of a Digital Control 
Channel (DCCH) that is transmitted to the BMI on a reverse 
channel. The slot starts with a bit guard (G) field, a sill bit 
ramp (R) field, a 16-bit preamble (PREAM) field, and a 
28-bit (14 symbol) SYNC word/time slot identifier field. The 
SYNC word/time slot identifier field is used for slot 
synchronization, equahzer training, and time slot identifica- 
tion. These fields are followed by two 122-bit DATA fields 
separated by a an additional synchronization field (i.e., the 
24-bit SYNC+ field). 

FIG. IC illustrates one abbreviated time slot of the Digital 
Control Channel (DCCH) that is transmitted to the BMI on 
a reverse channel. It can be noted that the second data field 
is shortened to 78 -bits, and a 44-bit abbreviated guard (AG) 
field is added during which time the mobile station main- 
tains a carrier off condition. 

lS-136.1, Rev. A, describes in Section 4.4.3.1 a channel 
encoding technique, in Section 4.4.3.2 an intraburst inter- 
leaving technique for the DATA fields, and in Section 
4.4.3.2.2 an interleaving scheme and algorithm for trans- 
mitting the encoded data bits of the DATA fields in the 
normal length burst case of FIG. IB, and the abbreviated 
length burst case of FIG. IC. 

Many modern digital cellular communications systems, 
including IS-136, support a Discontinuous-Transmission, 
(DTX) mode of operation wherein the mobile station, trans- 
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mitter autonomously switches between two transmitter 
power levels while the mobile station is in a conversation 
state. By example, the mobile station can enter a DTX_Low 
power state during a pause in speech, thereby conserving 

5 battery power. In the IS-136 system DTX. operation can be 
initiated by the mobile station when on either an analog 
voice channel or a digital traffic channel, if permitted by the 
base station in broadcast control channel signalling. 
While in the DTX low power state the mobile station may 

10 still be required to periodically send channel quality mea- 
surements taken on adjacent base stations as a part of a 
Mobile Assisted Handoflf (MAHO) operation. Reference in 
this regard can be had generally to IS-136.2, Rev. A, Section 
2,45, and in particular to Section 2.4.5.3 "MAHO Opera- 

15 tions with DTX Operation*'. 

Also while in the DTX low power transmitter state the 
BM:I: generates so-called "comfort noise" (CN) based on 
comfort noise parameters that are received from the mobile 
station. The use of comfort noise insures that the called party 
will hear a background noise component that is consistent 
with a normal conversation, as opposed to a complete and 
unnatural cessation of background noise due to the trans- 
mitting mobile station's transmitter being turned off or 

25 substantially reduced in power. 

If the base station requires, the mobile station may not 
ramp down to the lowest possible trai^mitter power level, 
but may instead maintain a predefined minimum transmitter 
power such that adjacent base stations are able to use 
so-called digital locate receivers to monitor the mobile 
station's transmissions for power measurement and/or other 
purposes. In true DTX, the mobile station can completely 
terminate transmissions, thereby conserving a maximum, 
amount of mobile station power. 

However, the system specification defined in IS- 136.1 
and. IS-136.2 does not include any definitive way for the 
mobile station to indicate to the BMI the beginning of the 
DTX mode. As a result, a decoder in the BMI cannot readily 

40 determine whether to employ bad frame masking because of 
lost slots due to fading (See IS-136.2, Section 2.2.2.2.3.2), 
or whether to generate comfort noise based on CN param- 
eters. In addition, the BMI cannot locate the so-called 
hang-over slots, on which the BMI computes basic param- 
eters for the background noise. The location of the hangover 
slots is important, since if the BMI does not receive the 
comfort noise parameters in the beginning of the slot, it must 
use the previously derived comfort noise until the next 

50 comfort noise parameters are received. 

Due to the above-mentioned interleaving, the data bits of 
a last slot that is transmitted before entering the DTX_Low 
State have been unused. Cunently in IS-136 a two slot; 
interleaving technique is used (see IS-136.2, Figure 

55 2.1.3.3.3.2-1 and Section 2.1.3.3.4), which leaves 130 bits 
(half of a 260 bit slot) unused in the last slot. The last slot 
transmitted is typically a Fast Associated Control Channel 
(FACCH) slot, which is defined as a blank- and-burst channel 
used for signaUing exchange between the mobile station and 

60 the base station. 

It has been proposed in IS-136 (see contribution 
TR45.3.5/97.03.25.04) that a 68-bit truncated slot be used as 
a transmit (TX) slot when the mobile station is in the 
DTX^Low State. A revised contribution in this regard is 

65 TR45.3.6/97.06.10. Comfort Noise parameters have been 
proposed to be carried as FACCH messages on the FACCH 
channel. 
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In the existing Global System for Mobile CommunicatioD employing unused channel capacity, due to interleaving, 

(GSM) DTX operation, the entry to the DTX mode is when transitioning from the DTX_High state to the DTX- 

indicted by CN parameters sent with inband signaling. Low state (or vice versa). 

However, if for some reason this inband signalling is not i„ accordance with a presenUy preferred embodiment of 

received, the BMI will execute the bad frame masking 5 - . . 

„^ * • u c 1 Tc -.-5£*u mvention the mobile station periodically combmes a 

procedure that repeats previous speech frames. In IS -13 6 the ^ r kt • ^ . ^/ , ^ 

CN parameters are sent as FACCH messages, and similarly ^^^^^^ Parameter message with a Channel Quahly 

if the BMI fails to receive the CN parameters, or some other Measurement message and transmits, over a FACCH, the 

indication of the mobile station's entry to the DTX mode, combined messages from the mobile station to the base 

the BMI will enter the bad frame masking procedure (see lo station while in the DTX_Low stale. 

IS-136.2, Section 2.2.2.2.3.2). in the DTX_Low state, the mobUe station may 

As can be appreciated, the failure by the BMI to deter- periodically transmit an Abbreviated Slot to the base station 

mine when the mobile station has entered the DTX mode can ^t intervals specified by the base sUUon. The base station 

resdt m an objectionable audible signal being generated due ^^^^^ ^^^^^^^ transmissions, or may com- 

to the repeating of the last received (good) speech frame. 15 . i . . . - - • 

^ ^ f f . , , ^ . ^ f , mand the mobile station to termmate the transmission of 

A further existing problem of the DTX mode as currently Abbreviated Slots 
specified relates to the number of slots that must be sent 

from the mobile station to the BMI while the mobile station This invention further teaches a method for operating a 

is in the DTX^Low State. These slots are used, typically, for mobile station in a circuit switched mode, comprising the 

sending the CN parameters. ^ steps of (a) generating a data word, such as keystroke data 

^T^TT^^r^ . vrrv . „ ^rrr.. entcred by a user; and (b) transmitting the data word, using 
OBJECrS AND ADVANTAGES OF THE ^ ^. ^ , , , - - - , , ^ • 
INVENTION ^° unused portion of a slot containing an interleaved sig- 
nalling word, by interleaving the data word with the signal- 
It is an object and an advantage of this invention to 25 ling word. In one embodiment the signalling word conveys 
provide an improved method for transitioning a mobile radio channel measurement information from the mobile 
station and BMI into the DTX mode of operation. ^^^^^^ ^ ^ase station- 
It is a further object and an advantage of this invention to Ai 1- , 1 • . ,r 
provide an improved method for operating a mobile station , Also disclosed is a method for operating a mobile station 
and a BMI in the DTX mode of operation. 30 ^eludes the steps of, (a) prior to entering a discontinu- 
It is another object and advantage of this invention to transmission (DTX) mode low power (DTX_U)w) 
provide a method to send Comfort Noise parameters from ^^^^^^ transmitting a Comfort Noise Block, without 
the mobile station to the base station without incurring interruption, and all pending Fast Associated Control Chan- 
additional transmitter load, over the load required for the nel (FACCH) messages from the mobile station to the base 
transmission of Mobile Assisted Handoff(MAHO) measure- 35 station; (b) entering the DTX_Lx)w state; and (c) when in 
ments (Channel Quality) information. the DTX_Low state, periodically transmitting an Abbrevi- 



SUMMARY OF THE INVENTION 



ated Slot to the base station at intervals specified by the base 
station. 



The foregoing and other problems are overcome and the 

objects and advantages are realized by methods and appa- *° BRIEF DESCRIPTION OF THE DRAWINGS 
ratus in accordance with embodiments of this invention. 

A method of this invention Ls disclosed for operating a, above set forth and other features of the invention are 

mobile station, and includes the steps of, prior to transmit- ^^^^ apparent in the ensuing Detailed Description of 

ting a burst in a last frame before entering a discontinuous the Invention when read in conjunction with the attached 

transmission (DTX) mode, generating a message word that Drawings, wherein: 

indicates that the mobile station is about to enter the DTX FIG. 1 is a block diagram of a mobile station that is 

mode. In one embodiment the method further includes the constructed and operated in accordance with this invention; 

nrnduf ^^fJ UttZ^^^r^ ff^l^T ^^'"1*' h° "G- 2 ^I'^ational view of the mobile station shown 

produce an error detection word from the message word; . ^-ti- i j t.- u t n ^ * hi 

combining the message word and the error detection word '° "1 ^' 7'''^. ^f,**" '"^'^f * ' ^^""!.« 

into a DTX Trailer word; and convolutionally encoding the T "^^'^ ' ncT^'u"' bidirecUonally 

DTX Trailer word. The method further includes the ste^s of """P'*^** "^^^"^ 

interleaving the DTX Trailer word with unused bits of slot FIGS. 3A-3C depict the frame, normal reverse link slot 

containing a speech or a signalling word; and transmitting format, and abbreviated reverse link slot format, 

the interleaved DTX Trailer word to the BMI. respectively, for an exemplary prior art digital TOMA cel- 

In a presently preferred embodiment of this invention the ^^^^^ interface; 

message word has a length of eight bits, the error detection FIG. 3D depicts the format of a DTX Trailer Word in 

word is an eight bit CRC that is appended to the message accordance with this invention; 

word to form the Dl^ Trailer word, and the DTX Trailer cro a . . ^ -i t . • 

word is error protected using a rate Vb convoludonal encoder, ^ illustrates a DTX Trailer Interleaving technique m 

T u J- * *L J u accordance With an embodiment of this mvention; 

In other embodiments the message word can be repre- 
sented by predetermined bits, and is transmitted without ^I*^* 5 is a block diagram of a Vs rate convolutional 
being convolutionally encoded or error protected. encoder used by the method of this invention to encode DTX 

Further in accordance with this invention the method 65 trailer Words; and 

provides a technique to send information, such as control FIG. 6 is a logic flow diagram that illustrates a method in 

information, from the mobile station to the base station by accordance with this invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Before describing this invention in detail, reference is first 
made to FIGS. 1 and 2 for illustrating a wireless user 
terminal or mobile station 10, such as but not limited to a 
cellular radiotelephone or a personal communicator, that is 
suitable for practicing this invention. The mobile station 10 
includes an antenna 12 for transmitting signals to and for 
receiving signals from a base site or base station 30. The lo 
base station 30 is a part of a oelltilar network comprising the 
Base Station/Mobile Switching Center/Interworking func- 
tion (BMI) 32 that includes a mobile switching center 
(MSG) 34. The MSG 34 provides a connection to landline 
trunks when the mobile station 10 is involved in a call. 

The mobile station includes a modulator (MOD) 14A, a 
transmitter 14, a receiver 16, a demodulator (DEMOD) 16A, 
and a controller 18 that provides signals to and receives 
signals from the transmitter 14 and receiver 16, respectively, 
These signals include signalling information in accordance 
with the air interface standard of the applicable cellular 
system, and also user speech and/or user generated data. The 
air interface standard is assumed for this invention to include 
a physical and logical frame structure of a type that was ^ 
described above, although the teaching of this invention is 
not intended to be limited only to this specific structure, or 
for use only with an IS-136 compatible mobile station, or for 
use only in TDMA or analog/TDMA type systems. The 
mobile station 10 is assumed to be capable of operating in 3Q 
the DTX mode, and the BMI 32 is assumed to be capable of 
generating comfort noise and otherwise accoinmodating the 
DTX mode of operation of the mobile station 10. The 
comfort noise is generated based on comfort noise param- 
eters transmitted to the base station 30 from the mobile 35 
station 10, as described in detail below. 

It is understood that the controller 18 also includes the 
circuitry required for implementing the audio and logic 
functions of the mobile station. By example, the controller 
18 may be comprised of a digital signal processor device, a 40 
microprocessor device, and various analog to digital 
converters, digital to analog converters, and other support 
circuits. The control and signal processing functions of the 
mobile station are allocated between these devices according 
to their respective capabilities. The controller 18 thus also 45 
includes the functionality to convolutionally encode and 
interleave message and data prior to modulation and trans- 
mission. 

A user interface includes a conventional earphone or 
speaker 17, a conventional microphone 19, a display 20, and 50 
a user input device, typically a keypad 22, all of which are 
coupled to the controller 18. The keypad 22 includes the 
conventional numeric (0-9) and related keys (#,*) 22fl, and 
other keys 22i> used for operating the mobile station 10. 
These other keys 22b may include, by example, a SEND ss 
key, various menu scrolling and soft keys* and a PWR key. 
The mobile station 10 also includes a battery 26 for pow- 
ering the various circuits that are required to operate the 
mobile station. 

The mobile station 10 also includes various memories, 60 
shown collectively as the memory 24, wherein are stored a 
plurality of constants and variables that are used by the 
controller 18 during the operation of the mobile station. For 
example, the memory 24 stores the values of various cellular 
system parameters and the number assignment module 65 
(NAM). An operating program for controlling the operation 
of controller 18 is also stored in the memory 24 (typically in 
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a ROM device). The memory 24 may also store data, 
including user messages, that is received from the BMI 32 
prior to the display of the messages to the user 

It should be understood that the mobile station 10 can be 
a vehicle mounted or a handheld device. It should further be 
appreciated that the mobile station 10 can be capable of 
operating with one or more air interface standards, modu- 
lation types, and access types. By example, the mobile 
station may be capable of operating with any of a number of 
other standards besides IS-136, and the teaching of this 
invention is not to be construed to be limited to any one 
particular type of mobile station or air interface standard. 

The operating program in the memory 24 may include 
routines to present messages and message-related functions 
to the xiser on the display 20, typically as various menu items 
The memory 24 also includes routines for implementing the 
methods described below. 

This invention teaches, in a first aspect, a method for 
enhancing the DTX operation of a mobile station operated in 
a cellular network, in which an interleaving of data in slots 
is used in a traffic channel communication. 

Briefly, when the mobile station 10 enters the DTX state, 
a previously unused portion of the last slot (due to 
interleaving) is used for indicating to the BMI 32 that the 
mobile station 10 is about transfer to the DTX state. 

Furthermore, the previously unused portion of the last slot 
can be used by the mobile station 10 to inform the BMI 32 
of information regarding the DTX mode, such as a version 
of a preferred GN generation process. 

Also, the interleaving of the free portion of a slot can be 
changed from an already specified interleaving scheme. 
. In addition, information transmitted from the BMI 32 can 
be used to set the DTX mode of the mobile station. The DTX 
mode can be one of, by example, true DTX (transmitter ofi), 
skip four slots, or skip 16 slots and send a truncated burst in 
every assigned slot That is, the mobile station 10 can be set 
to use truncated slots at every assigned slot, or at a prede- 
termined rate, or can be protdbited from sending any trun- 
cated slots (true DTX mode). 

To make the channel coding of the free portion of the last 
slot more resistive to chaimel errors, a Vs rate convolutional 
coding technique can be employed by the controller 18. This 
results in a payload of eight bits for CRG and eight data bits. 
While the channel is currently designed for a Bit Error Rate 
(BER) value of 3%, a 6% BER performance requirement 
implies the use of at least Vb rate channel coding using eight 
polynomials (i.e. four additional polynomials over the cur- 
rently specified FACCH convolutional coding polynomials. 
The use of eight data bits allows 256 codes to be sent from 
mobile station 10 to the BMI 32. In accordance with an 
aspect of this invention, one of these codes can be dedicated 
to provide a definitive indication to the BMI 32 of the start 
of the DTX mode, and one or more of the remaining codes 
can be used to dynamically alter the truncated burst mode. 

It is within the scope of this invention lo indicate the start 
of DTX without using a CRG, and to instead use a known 
bit pattern, such as a channel coded with M rate convolu- 
tional encoding. One example of V4 rate convolutional 
coding is used for speech in IS-136. 2. It is, however, 
possible to use the known bit pattern without channel 
coding, and to then specify a maximum number of bit errors 
lo allow operation with a noisy radio channel. 

For example, in an embodiment of this invention the free 
bit portion is used in conjunction with rate, or Ya rate, or 
even no chaimel coding. At the BMI base station receiver the 
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decoded 65 bits, or 32 bits, or 130 bits, respectively, are then where q(X) is the quotient of the division and b(X) is the 

compared to a known bit pattern, and an erroneous bit coxint remainder. The quotient is discarded and only the parity bits 

is used to indicate whether what was received was a bad are transmitted. Those skilled in the art may recognize that 

partial frame, or an indication of a change to the DTX mode. the generator polynomial is a shortened version of the 

The bit error limit can be based on channel simulations. 5 polynomial used on Analog Voice and Control Channels (see 

It should be appreciated that the teachings of this inven- definition in IS-136,2, Section 3.7.1). 
tion can be applied, with suitable modifications, as well to 

GSM-bascd systems, wherein interleaving is performed over ^(^) = ctojx'* +c[i]x'^ + C[2]x»^ + ... + C{M]x' 

four slots. =mtssa6e [0]);if'* ^- + (message RDX" 

In further detail, this invention provides in a first aspect a 

novel data stream format for the imuscd portion (130 bits) of . . , . . . ^ 

the last TDMA slot before entering the DTXJLow or a ;j;^!J%'"^"8e[N] js the b.t of the message field in a 

_ . J D . J. jr .- DTX Trailer word. The coefBcients of the polynomial c(X) 

Truncated Burst sending mode of operatton. sequenUaUy to a convolutional encoder 40 (see FIG. 

In accordance with a data stream format of this invention 5) in the order C[0], C[l], . . . C(15]. 

a DTX Trailer block replaces (is used in place of) the user la accordance with an aspect of this invention, the DTX 

information block whenever it is to be transmitted. Each Trailer data is error protected by means of a rate Vs convo- 

DTX Trailer block is regarded as one signaling word, and a lutional code. The coding uses the same start and end bit 

FACCH message can consist of more than one such word. (tail-biting), instead of extra bits, to avoid the overhead 

Messages that span multiple FACCH words can be inter- ^ introduced with explicit tail bits. 

spcrscd with one or more transmissions containing user Referring to FIG. 5, the data bits to be encoded are shifted 

information. through a rate Vs convolutional coding circuit 40. Each new 

The DTX Trailer is interleaved as FACCH bursts, but data bit shifted in results in four parity bits being shifted out 

using only the odd numbered 10 bit rows in the last ^ of the coder 40, the output bits being designated as (P1,P2, 

transmission burst. More precisely, the mapping of bits from P3,P4,P5,P6,P7,P8). One such bit quadruple is produced as 

the two bursts into bits presented sequentially to the input of a result of shifting in one new data bit. Each of the four 

the convolutional decoding process can be either the one parity bits is a different logical function of the new data bit 

used for the FACCH or for the coded speech bits. However, and the five data bits previously shifted in. Denoting the new 

to facilitate the future implementation of new speech coders, data bit by D(i) and denoting the earlier data bits by D(i-l), 

it may be preferred to use the FACCH interleaving process, D(i-2), D(i-3), D(i-4) and D(i-5), the defining equations for 

which is not expected to change. (P1,P2,P3,P4,P5,P6,P7,P8) are as follows: 

Sequential DTX Trailer bits arc numbered 0 to 129 in the Pl-D(i)+D(i-i)4-D(i-3)+D(i-4)+D(i-5) 
order they emerge firom a rate Vk convolutional encoder, and 

are placed in the interleaving array using, first, those posi- 35 P2-D(0+D(i-l)+D(i-2)+D(i-5) 

tions otherwise occupied by coded class 1 speech bits, and P3=DCi)+D(M)+D(i-2)+D(i-3)+D(i-5) 

in the same order. When all positions normally occupied by P4«DCi)+D(i-2)+D(i-4)+D{i-5) 
coded speech bits have been used, the positions normally 

used by upcoded ^eech bits are then used, but in a different P5=D(i)+D{i-2)+D(i-3)+D(i-5) 

order. P6-DCi)+D(i3)+D(i-4)+D(i-5) 

Bits 0 to 259 are interleaved according to FIG. 4. The bits F7-D(i>D(i-i)+D(i-2)+D(i-4)+D(i-S) 
are transmitted from the interleaving array of FIG. 4 along 

rows from left to right, using only odd numbered rows from P8-D(i)+DCM)+D(i-3)4D(i-J) 

a current frame alternately with even numbered rows of the 45 where + represents modulo 2 addition (XOR). 

previous frame, which may be a similar speech or FACCH A memory (MEM) 42 of the channel coder 40 is initial - 

block. The even numbered rows of an interleaved FACCH i^ed by the controller 18 with the first six bits according to 

block constructed from the frame are transmitted in the next the following: 

burst, alternating with odd numbered rows from the follow- , ^'J, ^A'lV^i^^^^^ 

ing block, which may also be speech or FACCH. ^^ie fi^t^J/ quadr^ile^ (?1 ,P2,P3,P4) is then generated 

With regard to error detection and a Digital Verification and extracted. The input bits are then shifted through the 

Color Code (DVCC) identifier, the following is noted. The coder memory so that bit qo] shifts out, bit qi] replaces 

8-bit CRC is placed after 8 information bits, as is shown in bit C[0], bit CfS] replaces bit C[4] and a new bit (bit C[6]) 

^JG. 3D. 55 replaces bit C[5] in D(i). After this shift the meinory 42 

Let a(X)«message[0]X^+messagc[l]X^+ . . . +m6ssage content is as follows: 

[7]X°. D(i) D(i-l) D(i-2) D(i-3) D(i-4) D(i-5) 

Message[0] is the most significant bit (see lS-136.2, ^[^1 C(4] q;3] €[2] qi] bits 

Section 1.2.5 "Coded Digital Verification Color Code Another quadruple (P1,P2,P3,P4) is then extracted and 

(CDVCC)" and Section 2.1.3.3.3,4 "Convolutional <50 likewise,aftcrevcry subsequent shift until after 10 shifts, the 

Encoding"), where message[N] is the Nth bit of the message ^^^^^ encoder 40 is as follows: 

field in a DTX TraUer word, D(i) D(i-l) 0(1-2) D(i-3) D(i-4) D(i-5) 

TTie parity polynomial is the remainder of the division of ^}'^^ ^^j ^ qu] qiO] bits 

the input polynomial a(X) and the generator polynomial, , ^9 ^^^^J 0 to 4 are then used again in that order, 

i c.: ^ ^ ' 65 shifUngm to the coder 40 from the left with extraction of a 

bit quadruple after every shift. After these five last shifts the 

(spC)Xi'=)/(xSx*+x*+x'+i)-qCX)+(b(X))/(x«+x'+xSxVi) encoder memory 42 contains: 
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D(i) D(i-l) D(i-2) D(i-3) D(i-4) D(i-5) base station 30 may enable the mobile station 10 to gradually 

C[4] q3] C[2] qi] QO] q[64] bits tenninate the transmission of Abbreviated Slots. This is 

Thus, after one ftirther shift the state of the encoder,40 controlled by an optional information element in, by 

will have returned to the starting state. The data bits can be example, the Digital Traffic Channel Designation, Handofif 

visualized as being stored in a 16-stage circular bufifer which s Physical Layer Control Messages. This optional infor- 

is rotated one revolution so that every bit successively mation element gives a count of mobile station transit slots 

appears in the position corresponding to D(i-5). skipped by the mobile station 10. At least two bits 

The fields are presented to the DTX Trailer convolutional dedicated for this purpose, although the use of more bits 

encoder 42 in the order starting from the signaling word S^ves greater control. 

header. Bits within a field are presented to the coder 42 in the lo Th^ Abbreviated Slot as used herein does not carry any 

order of most significant bit (MSB) fii^l. Each word is coatrol information from the mobile station 10 to the base 

formatted as sho4 in HG. 3D. f n"nw ^^^'^'i^,^^ f^^^^l ^P^^^^^ f ^K^f'"^ 

o k-* « u J -u J u Tn. o J * to full DTX operation. All control mfontnation (e.g., MAHO 

The 8-bit message field was described above TTie 8 da a ^^^^y^ Parameters) are carried instead by FACCH 

bits of the message field m- the DTX Trailer word is messages 

appended with the 8-bit CRC to detect the presence of 15 The DTX Skip Unglh informaUon element (two bits) can 

channel errors in the data, as well as to provide a mechanism indicate the Abbreviated Slot TX requirement in the manner 

for distinguishing the DTX Trailer data from speech data. shown below: 
For explanatory purposes, one method of dififerentiating 
between speech blocks and DTX Trailer blocks is to utilize 
the information present in the respective CRC fields. 

Referring to FIG. 6, this invention thus provides a method 
for operating the mobile station 10, and includes the steps of, 
prior to transmitting a burst in a last frame before entering 
a discontinuous transmission (DTX) mode, generating a 
message word that indicates that the mobile station is about 
to enter the DTX mode (Block A); using a predetermined 
generator polynomial to produce an error detection word 
from the message word (Block B) and combining the 
message word and the error detection word into a DTX 
Trailer word (Block C), having a format shown in FIG. 3D. 
The method further includes the steps of coavolutionally 

encoding the DTX Trailer word (Block D); interleaving the Note that the timing of this slot is delayed eight symbols 

DTX Trailer word with a speech or a signalling word, as in to align it with adjacent slot synchronization bits in the 

FIG. 4 (Block E); and transmitting the interleaved DTX TDMA Frame, With the ramp-up and ramp-down bits (R) 

Trailer word to the BMI 32 (Block F). 35 l^c length of the Abbreviated Slot is 52 bits. If desired, a 

In a further aspect this invention provides an improved ^^^^ symbol) preamble having, for example, bits 101010 

technique to transmit CN parameters to the base station 30, added. 

by using the MAHO FACCH message train. More ^^^"^ ^\??}'r'}^ ^[""^i^^^ DTX_Low State, 

particularly, and for the system specified by ELVnAIS-136 f^f'^^^^S ^^\^^^J^^^ messages at a rate specified by 

parts land 2 (and simUar systems), a preferred approach is 40 '1 ? i f °\ "f™?^"' ^K^n I ^"^l^ 

to utiUze the available 130 bits at the beginning md end of .TJ^rrfn^A.^L T ' ^'^'^^^^^^^ ^^^^ 1^0 bits to be 

tu^ \x\Tjr\ n\r>r^ * • tu- • i- u ^ u unused both m the begmnmg and end of the message train, 

the MAHO FACCH rne^age tram. This is accomphshed by ^^^^ ^.^^ are utilized, in accordance with an aspect 

sen^ng "ter half of 260 bits m the 130 unused bits of ^f this invention, by reversing the order of x-bits and y-bits 

the first FACCH slot Position^ and the former halfm the n ^ent in the interleaved CN Parameter Message, and sending 

unused bits of the last FACCH slot in the MAHO FACCH 45 the MAHO FACCH message train in a regular manner (set 

message train. For the last slot before entering the DTX_ Section 2.1.3.3.4 of IS-136.2) Using this method, one full 

Low State, the unused 130 bits can be changed to use a slot transmission can be saved, resulting in greater savings 

different intra-slot interleaving, e.g., Va rate convolutional in the mobile station DTX_Low CN-transmission. With a 

coding employed for the regular FACCH messages. Using 0.5 second CN update interval, and if there is more than one 

the Vi rate convolutional coding and a 16-bit FACCH CRC, 50 channel quality measurement (CQM) to be sent, the mes- 

the result is 16 usable bits. One value of this 16 -bit field is sages can be arranged such that the first CQM is sent 

defined lo indicate the beginning of the DTX^Low State to together with the CN parameters. In this way the CQM can 

the base station 30. always utilize the unused interleaver bits over at least two 

An alternative method uses these additional bits with any slots of interleaving. In the event that there is only one CQM 

suitable channel coding to carry any other control informa- 55 message, and the CN parameters are transmitted at the 0.5 

tion to the base station 30. second interval, and every other CQM message is sent in a 

While it is also possible to change the interleaving of the single TDMA slot. In this case the intra-slot interleaving is 

intermittent MAHO FACCH Message train, this approach is utilized. 

not as effective, and may create a problem when the DTX_ In the DTX-Low state the transmitter 14 either remains 

High State is entered immediately after the MAHO FACCH 60 off, and the CDVCC is not sent except for the transmission 

Message Train. of FACCH messages, or, in accordance with this invention, 

The preferred method can be used in any system employ- Abbreviated Slots are transmitted at intervals defined by the 

ing an interleaved Traffic Channel within a DTX system, above-defined DTX Skip Length parameter. All SACCH 

such as GSM. messages to be transmitted by the mobile station 10 in the 

In greater detail, the method uses a modified Abbreviated 65 DTX_Low state are sent instead as a FACCH message, after 

Slot, which may be sent in all assigned mobile station slots which the transmitter 14 is returned to the off state, unless 

when in the DTX_Low State. As the network allows, the DTX has been otherwise inhibited. 
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Using this technique it is estimated that the battery 
savings during the DTX_Low state can be improved by 
about 20% to 30%, depending on how many FACCH slots 
arc used for MAHO transmission. 

Based on the foregoing it can be realized that this inven- 5 
tion teaches a method and system for formulating a message 
to indicate that the mobUe station 10 is about to enter the 
DTX_JLow state, and that then interleaves this message with 
unused bits of a last message transmitted before entering the 
DTX_Low state. By receiving the message, the base station lo 
30 is able to obtain knowledge of the mobile station 10 
entering the DTXJLow state. 

This invention thus utilizes free bits due to an existing 
interleaving scheme. In interleaving the information of one 
logical frame is spread over two physical frames. When the 15 
mobile station 10 detects a silent moment in speech (e.g. 
based on information from a voice activity detector (VAD) 
function), the mobile station 10 begins to transition into the 
DTX_Jow state. At the end of all hangover slots and CN 
parameters there are, due to interleaving, some number (e.g., 20 
130) of unused bits. These bits can be used, in accordance 
with an aspect of this invention, to notify the BMI 32 that the 
mobile station 10 has entered the DTX__Low state. 

While the mobile station 10 is in the DTX_Low state 
(typically transmitting CQM results and CN parameters), it 25 
again has unused bits both at the beginning and at the end of 
CQM results (sent on FACCH). In this case the mobile 
station 10 uses the free bits to send CN parameters (or a 
single frame of any FACCH message) so that half of the bits 
(e.g., 130) are sent in advance in the unused portion of the 30 
starting FACCH burst. In this case the heading and trailing 
parts of the frame are only a few slots away from one other. 

In general, this invention teaches the use of otherwise 
unused slots that, due to interleaving, happen to be part of 
mobile -transmitted bursts, either while entering the DTX_ 35 
Low state or while in the DTX_Xow state. This invention 
teaches the use of these unused (free) bits for 1) sending 
channel quality information, 2) CN parameters, and/or 3) the 
DTX Trailer Word information. In principle any control type 
of information can be sent in either case, i.e., when entering 40 
the DTX_Low state and when in the DTXJLow state. 

As one further example of the utility of this invention, if 
an internet connection is active in the mobile station 10, and 
the mobile station 10 is transmitting only very little data on 
the reverse link (e.g., only a keystroke that is occasionally 45 
entered by the user), while the forward link is being heavily 
utilized to download information (e.g., to download web 
pages), the reverse link keystroke data can be interleaved 
with the messages required to be sent during the DTX__Low 
state (typically CQM), 50 

Unused bits can be utilized so that the first part of a 
particular information frame (e.g, a CN parameters frame) is 
transmitted using the unused portion of the last normal 
length burst at the time mobile station 10 enters the DTX_ 
Low state, and the next part of the particular information 55 
frame is transmitted after, by example, 0,5 or 1.0 second, 
when the next CQM message is transmitted. 

In general, the teaching of this invention applies as well 
to a mobile station operating the Data mode, such as when 
a circuit switched data connection specified by IS- 130 and 60 
IS-135 is used. In this case there is a possibility for the 
mobile station 10 to not transmit slots if only null slots are 
available for transmission. This may occur when the internet 
is accessed, since the mobile station 10 may only occasion- 
ally send HTML codes to the network server, while the 65 
network server sends a significant amount of data to the 
mobile station 10. In the case of such a circuit switched 



connection there is no need to send CN data or hangover 
slots to the BMI 32, and the power savings are increased. It 
may also be beneficial for network to obtain information as 
to when the mobile station 10 enters the DTX_Low state. 
The user generated HTML strings can be sent with the 
MAHO information using the available free bits in the 
beginning and ending slots, 

By applying a more optimal channel coding scheme in 
accordance with an aspect of this invention the information 
can be sent as reliably as when using the normally specified 
interleaving scheme. 

The power saving effect results directly from using the 
free bit capacity that previously has been unused. By 
example, the transceiver of the mobile station 10 can be shut 
off earlier than would be possible without the use of this 
invention. 

Although described in the context of preferred 
embodiments, it should be realized that a number of modi- 
fications to these teachings may occur to one skilled in the 
art. 

By example, and as was stated, the teaching of this 
invention can be employed to send any type of desired 
information from the mobile station 10 to the base station 
30, and is not limited to sending only CN parameters and/or 
CQM in an unused portion of a frame. Furthermore, the 
teachings of this invention can also be applied when tran- 
sitioning from the DTX_Low to the DTxLnigh states, in 
IS- 136 and GSM systems by example, as unused frame 
capacity will also be present due to interleaving. 

Thus, while the invention has been particularly shovra and 
described with respect to preferred embodiments thereof, it 
will be understood by those skilled in the art that changes in 
form and details may be made therein without departing 
from the scope and spirit of the invention. 

What is claimed is: 

1. A method for operating a mobile station, comprising the 
steps of: 

prior to transmitting a burst in a last frame before entering 
a discontinuous transmission (DTX) mode low power 
(DTXJLow) state, generating a message word that 
indicates that the mobile station is about to enter the 
DTX_Low state; 

using a predetermined generator polynomial to produce 
an error detection word from the message word; 

combining the message word and the error detection word 
into a DTX Trailer word; 

convolutionally encoding the DTX Trailer word; 

transmitting the DTX Trailer Word using an unused 
portion of a last speech or signalling word by inter- 
leaving the DTX Trailer Word in the last burst with 
speech or signalling word bits; and 

entering the DTX_Low state. 

2. A method as in claim 1, wherein the message word has 
a length of n bits, the error detection word is an m bit CRC 
that is appended to the message word to form the DTX 
Trailer word, and the DTX Trailer word is error protected 
using a fractional rate convolutional encoder. 

3. A method as in claim 1, wherein the message word has 
a length of eight bits, the error detection word is an eight bit 
CRC that is appended to the message word to form the DTX 
Trailer word, and the DTX Trailer word is error protected 
using a rate Vs convolutional encoder, 

4. A method as in claim 1, wherein the DTX Trailer word 
is interleaved as a Fast Associated Control Channel burst 
using only odd numbered 10 bit rows in the last transmission 
burst before the mobile station enters a DTXJLow state. 
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5. A method as in claim 1, wherein the generator poly- 
nomial is a shortened version of a generator polynomial used 
for Analog mode voice and control channels. 

6. A method as in claim 1, wherein step of convolutionally 
encoding employs a rate Vs convolutional encoder that uses 
a same start and end bit. 

7. A method as in claim 1, and further comprising steps of: 
periodically combining a Comfort Noise Parameter mes- 
sage with a Channel Quality Measurement message; 
and 

transmitting the combined messages from the mobile 
station to the base station while in the DTX__Low state. 

8. A method as in claim 7, wherein the combined mes- 
sages are sent over a Fast Associated Control Channel 
(FACCH). 

9. A method as in claim 1, and further comprising a step 

of: 

when in the DTX„Low state, periodically transmitting an 
Abbreviated Slot to the base station at intervals speci- 
fied by the base station. 

10. A method as in claim 1, and further comprising a step 

of: 

when in the DTX_Low state, periodically transmitting an 
Abbreviated Slot to the base station until the base 
station specifies that the mobile station is to terminate 
the transmission of the Abbreviated Slots. 

11. A method for operating a mobile station, comprising 
the steps of: 

prior to entering a discontinuous transmission (DTX) 
mode low power (DTX_Low) state, formulating a 
DTX Trailer word and interleaving the DTX Trailer 
word using unused bits of a last slot, that contains all 
or a portion of a Comfort Noise Block, to form a first 
combined message; 

transmitting the first combined message from the mobile 
station to a base station; 

entering the DTX„Low state; 

periodically interleaving a Comfort Noise Parameter mes- 
sage with umised bits of slots containing an interleaved 
Channel Measurement message to form a second com- 
bined message; and 

transmitting the second combined message from the 
mobile station to the base station while in the DTX_ 
Lx)w state. 

12. A method as in claim 11, wherein the steps of 
formulating and interleaving the DTX Trailer word include 
the steps of: 

prior to transmitting a burst in a last frame before entering 
the DTK_I^w state, generating a message word to 
indicate that the mobile station is about to enter the 
DTX„Low state; 

using a predetermined generator polynomial to produce 
an error detection word from the message word; 

combining the message word and the error detection word 
into the DTX Trailer word; and 

convolutionally encoding the DTX Trailer word; 

interleaving the convolutionally encoded DTX Trailer 
word with the unused bits of the slots containing an 
interleaved Comfort Noise Block to form the first 
message. 

13. A method as in claim 12, wherein the message word 
has a length of n bits, the error detection word is an m bit 
CRC that is appended to the message word to form them 
DTX Trailer word, and the DTX TYailer word is error 
protected using a fractional rate convolutional encoder. 
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14. A method as in claim 12, wherein the message word 
has a length of eight bits, the error detection word is an eight 
bit CRC that is appended to the message word to form the 
DTX Trailer word, and the DTX Trailer word is error 
protected using a rate V% convolutional encoder. 

15. A method as in claim 12, wherein the DTX Trailer 
word is interleaved as a Fast Associated Control Channel 
burst using only odd numbered 10 bit rows in the last 
transmission burst before the mobile station enters the 
DTX_Low state. 

16. A method as in claim 12, wherein the generator 
polynomial is a shortened version of a generator polynomial 
used for Analog mode voice and control channels. 

17. A method as in claim 12, wherein the step of convo- 
lutionally encoding employs a rate '/s convolutional encoder 
that uses a same start and end bit. 

18. A method for operating a mobile station, comprising 
the steps of: 

prior to entering a discontinuous transmission (DTX) 
mode low power (DTX_Low) state, interleaving all or 
a portion of a first control message with unused bits ore 
slots containing an interleaved second control message 
to form a first combined message; 
transmitting the first combined message from the mobile 

station to a base station; and 
entering the DTX_Low state. 

19. A method as in claim 18, and further comprising the 
steps of, while in the DTX_Low state: 

periodically interleaving all or a portion of a control or 
data message with unused bits of slots containing an 
interleaved third control message to form a second 
combined message; and 
transmitting the second combined message from the 
mobile station to the base station while in the DTX__ 
Low state. 

20. A method as in claim 19, wherein the control or data 
message is transmitted at intervals that are specified by the 
base station for transmitting the third control messages. 

21. A cellular communications system comprising at least~ > 
one^base statidifand atleast,one mobile station,^^a^5ipbR6_j 

/Ration jjornprising: 

aJ^n^Gll^^jHgis^spgnsiye_to^ tKat~it is to enter^-^ 
^^^di»continuo^ low power-^ 

^fb1^fztow)"state; for interleaving all or a portion of ' 
a first control message with unused bits of a last 
transmitted slot to form a first combined message; 
a transmitter for transmitting the combined message from 

the mobile station to a base station; and 
said base station comprising means for receiving and 
deinterleaving said first combined message for extract- 
ing said first control message and, responsive to said 
first control message, for determining that said mobile 
station is about to enter said DTX_Low slate. 

22. A system as in claim 21, wherein said mobile station 
controller operates, while in the DTX_Low slate, for peri- 
odically interleaving all or a portion of a further control or 
a data message with unused bits of slots containing an 
interleaved control message to form a second combined 
message; and wherein said transmitter transmits said second 
combined message from the mobile station to the base 
station while in the DTX_Low state. 

23. A system as in claim 22, wherein the further control 
or data message is transmitted at intervals that are specified 
by the base station for transmitting channel quality mea- 
surement (COM) messages. 
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24. A system as in claim 21, wherein said controller 
formulates a DTX Trailer word and interleaves the DTX 
Trailer word with unused bits of a slot or slots containing an 
interleaved Comfort Noise Block to form said first combined 
message. S 

25. A system as in claim 24, wherein said controller 
formulates said DTX Trailer word by generating a message 
word to indicate that the mobile station is about to enter the 
DTX_Low state; wherein said mobile station further com- 
prises means for generating an error detection word, using a lO 
predetermined generator polynomial, from the message 
word; said controller combining the message word and the 
error detection word into the DTX Trailer word; and said 
mobile station further comprises means for convolutionally 
encoding said DTX Trailer word and for interleaving said is 
convolutionally encoded DTX Trailer world with unused 
bits of a last transmitted slot before entering said DTX_Low 
state. 

26. A system as in claim 25, wherein the message word 
has a length of n bits, the error detection word is an m bit 20 
CRC that is appended to the message word to form the DTX 
Trailer word, and said error detection word generating 
means is comprised of a fractional rate convolutional 
encoder. 

27. A system as in claim 25, wherein the message word 25 
has a length of eight bits, the error detection word is an eight 
bit CRC that is appended to the message word to form the 
DTX Trailer word, and said error detection word generating 
means is comprised of a rate Vs convolutional encoder. 

28. A system as in claim 25, wherein the DTX Trailer 30 
word is interleaved as a Fast Associated Control Channel 
burst using only odd numbered 10 bit rows in the last 
transmission frame before the mobile station enters the 
DTX__Lx)w state. 

29. A method for operating a mobile station, comprising 35 
the steps of: 

prior to transmitting a burst in a last frame before entering 
a discontinuous transmission (DTX) mode low power 
(DTX_Low) state, generating a message word that 
indicates that the mobile station is about to enter the ^0 
DTX_Low state; 

transmitting the message word using an unused portion of 
a last speech or signalHng slot by interleaving the 
message word with speech or signalling word bits; and 

entering the DTX^Low state. 

30. A method as in claim 29, wherein the message word 
is represented as a predetermined bit pattern. 

31. A method as in claim 30, wherein the predetermined 
bit pattern is transmitted without being convolutionally 
encoded. 

32. A method as in claim 30, wherein the predetermined 
bit pattern is transmitted without error detection bits. 

33. A method as in claim 29, wherein the signalling word 
conveys radio channel measurement information from the 
mobile station to a base station. 
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34. A method as in claim 29, wherein the data word 
conveys a user-entered keystroke. 

35. A method for operating a mobile station, comprising 
the steps of: 

prior to entering a discontinuous transmission (DTX) 
mode low power (DTX^Low) state, transmitting a 
Comfort Noise Block, without interruption, and all 
pending Fast Associated Control Channel (FACCH) 
messages from the mobile station to a base station; 

entering the DTX^Low state; and 

when in the DTX^Low state, periodically transmitting an 
Abbreviated Slot to the base station at intervals speci- 
fied by the base station, 

36. A method as in claim 35, wherein the step of entering 
the DTX_Low state includes the preliminary steps of: 

prior to transmitting a burst in a last frame before entering 

the DTX_Low state, generating a message word thai 

indicates that the mobile station is about to enter the 

DTX_Low state; 
using a predetermined generator polynomial to produce 

an error detection word from the message word; 
combining the message word and the error detection word 

into a DTX Trailer word; 
interleaving the DTX Trailer word with a speech or a 

signalling word; 
transmitting the interleaved DTX Trailer word to a base 

station; and 
entering the DTX_IjOw state. 

37. A method as in claim 36, wherein the message word 
has a length of n bits, the error detection word is an m bit 
CRC that is appended to the message word to form the DTX 
Trailer word, and the DTX Trailer word is error protected 
using a fractional rate convolutional encoder. 

38. A method as in claim 36, wherein the message word 
has a length of eight bits, the error detection word is an eight 
bit CRC that is appended to the message word to form the 
DTX Trailer word, and the' DTX Trailer word is error 
protected using a rate Vs convolutional encoder. 

39. A method as in claim 36, wherein the DTX Trailer 
word is interleaved as a Fast Associated Control Channel 
burst using only odd numbered 10 bit rows in the last 
transmission burst before the mobile station enters a DTX_ 
Low state. 

40. A method as in claim 36, wherein the generator 
polynomial is a shortened version of a generator polynomial 
used for Analog mode voice and control channels. 

41. A method as in claim 36, wherein step of convolu- 
tionally encoding employs a rate Vs convolutional encoder 
that uses a same start and end bit. 
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